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In comparing two different prediction-bases against the same subsequently determined set of actual distribution-values, the coefficient of predictionaccuracy tests the relative merit of these two prediction-bases as to their relative correctness in the inclusion of their own postulated constituent factors, and in the relative weights and co6rdinations given such factors.
In any case in which one has in hand a prediction-basis in terms of a probability-distribution, and has also in hand the actual subsequent or other independently secured measuring and counting of the same quality in the same population, the coefficient of, prediction-accuracy (CPA) presents a sound formula for judging the given probability-distributionproduction-basis as to its degree of success-no excuses taken.
The next step in good research is, of course, to find out why the particular prediction-basis which was actually used was not more successful.
* H. H. Laughlin, "The Probability-resultant," Proc. Nat. Acad. Sci., 21, 11, 601-610 (1935 I. An instructive parallel exists between measurements of electrical excitability, particularly for repetitive condenser discharges or constant current pulses, and the data of visual flicker. The comparison derives from probability considerations, and provides a means of analysis independent of any specific assumptions as to the physico-chemical character of the excitation process.
Numerous observations describe the general relationship between magnitude of stimulating potential or current and the time for threshold excitation, particularly in nerve. It is well known that for a chosen degree of excitation the required current (or voltage) declines to an asymptotic level as the exposure time is increased.' No fully satisfactory theory of the form of the strength-duration curve has been provided. From a rational conception of the effects connected with electrical excitation Hill2 derived equations describing rather closely the relation between current or potential (C) and its duration (t) for constant response. It Regardless of the descriptive adequacy of Hill's equations, however, the data may be viewed from another standpoint. The general form of the relation between log C and log t is like that obtained in studies of visual excitation.3 Here intensity (I) is the variable corresponding to t, and some measure of effect E corresponds to C. For threshold recognition of visual flicker the critical flash frequency F is a proportionate measure of the intensity of the relevant total photosensory effect obtained.4 Time is then involved only in the sense that the differential effect producing the response must be achieved (at any fixed flicker-frequency) within the interval set by the flicker cycle. In a voltage duration experiment a fixed level of effect is selected (threshold response, or half-maximum of action current, for example), and the stimulating current C (of fixed frequency) requires a certain measured time t to produce this effect. The two kinds of measurements are therefore alike in that of the three factors involved-time of action, intensity and level of total effect-one is in each case essentially fixed by the procedure.
The stimulation effect achieved is in each case due to the cumulative action of a number of excited elements-in a nerve or muscle either a number of different fibres or a number of "excitable spots" on each fibre or both; and in the reaction visually excited, a number of retinally connected units must be excited. These dynamical units or elements are not to be identified with the crudely obvious structural units, nor are they to be conceived as morphologically fixed. The excitability of each element is not stationary but fluctuates as a function of intensity and of time. When E is arbitrarily chosen, the time required for its production will depend upon the time-summation of contributions from a number of elements forming part of a frequency distribution of time X intensity thresholds. In such situations one expects the law for E as a function of I (or t) to be dependent upon a logarithmic probability distribution of excitability thresholds, the latter given by (t) (dE/dt). This is quite without reference to the intimate physical basis of the exciting process in any given element. ' The curve for critical illumination as a function of fficker-frequency6 is admirably described as a log-probability integral (Fig. 1) . Equations of the photostationary state type,7 with certain limitations, do so equally well because they are identical with the logarithmic logistic, which except at the extreme ends of the curve gives a fit scarcely distinguishable8 from that of the log-probability integral; however, the proportionality constant in the "photostationary state" equation has properties which forbid assigning this particular significance to the equation.9 The log-logistic equation also describes the measurements of cochlear effect as a function of intensity of sound (pressure)-.1 II. Strength-duration curves for repetitive electrical excitation are very efficiently described by a log-probability integral. Several examples are given in figure 2. Series of measurements have been selected from the most recent work which seem to be intrinsically the best determined and which cover the largest range of values of C and t. Numerous less extensive sets of data,1"2 are equally well described by this equation. The test is easily made on a log-probability grid (Fig. 2) Log probability grid: ordinate, 100 Co/C; abscissa, log RC, the condenser time constant. Repetitive condenser discharges. citation, and should give a normal frequency distribution of excitabilities. At the lower limit of 1/C this gives the "constant quantity" rule. Co is, of course, not to be confused with the observed rheobase, but is a little below it and must usually be found by trial. The graph is quite sensitive.
This treatment discloses that the voltage duration data in experiments of one type with one kind of nerve often may be compared in terms of a single parameter, namely, the value of log t for which Co/C = 50 per cent (cf. Fig. 2 ). For example, in four series of measurements from Hill's recent paper"3 the values of RC _ t have been multiplied by a constant for each series; the four sets are seen (Fig. 3) to be identical as regards the shape of the curve. The value of t for CO/C = 50 per cent is a function of temperature, of interelectrode distance, of fibre diameter and of the individual preparation. With fall of temperature Co/C = 0.50 moves to a higher value of t, as is expected on the basis of a frequency distribution of excitabilities. The effect of electrode separation,2 although probably more complex, is also of this general character; Co falls, t for C = 2Co rises and VW, is increased, as it should be if a larger population of excitable elements is made available. The parallels with the properties of flicker data are precise. For different types of nerve and muscle and for other differing experimental conditions, the standard deviation of the underlying frequency distribution of excitabilities is not the same, so that an additional parameter (a-s t) is needed. Its properties should repay systematic investigation. Graphs with different slopes might be compared by finding that adjustment of the log t scale units which will give them the same slope, after rotation about the 50 per cent point, by employing log tn instead of log t and having n proportional to the slope on the probability grid.
III. The value of t for 100 Co/C = 50, the inflection point of the curve, has a special significance. It gives the time for excitation by a current = 2CO, under given conditions, and consequently corresponds in meaning to the chronaxie of Lapicque4"-although computed on the basis of the asymptotic level of Co and not from the observed apparent rheobase.
The curves show that this "true" chronaxie, which may be called r', is a valid parameter of the excitability function. It is independent of Co.
It is not dependent upon the position of the curve at one point, but (cf. Fig. 2 ) is weighted by all the observations. The physical meaning of r' is the time required for excitation by that current which under the conditions imposed stimulates up to the median (mode) of the frequency distribution of excitability thresholds. This relationship between r' and the classical chronaxie or excitation time is curious because it was largely a matter of accident that twice the rheobase voltage should have been chosen originally for the measurement of the excitability time factor.15 It is obvious that r' alone is not adequate for the efficient description of The four curves of (i) in Fig. 2 are shown brought together at CO/C = 50 per cent, RC being multiplied by the factors 1, 3.273, 1.35 and 2.19, respectively, for II, IIIa, IIIb and IV. The curve is that for the probability integral
lOOC,/C R-I e 2w2 de, where C = 1/ V; x = log t; xo = the value of x at the inflection point; and f -= 0401F t.
PHYSIOLOGY: W. J. CROZIER the strength-duration curve.'6 The slope factor (i.e., t, ) is also required if different kinds of preparations are to be compared.
With these two parameters it is not difficult to compare different forms of excitability, for example, photic excitability ( Fig. 1) and electrical (Figs.  2, 4) in diverse irritable structures. In a similar way the data of visual excitation may be investigated as a function of wave-length with the expectation of evidence as to the existence of different kinds of receptor excitability distributions. The formulation proposed is in terms of the frequency distribution of excitabilities among a population of excitable elements and is independent of assumptions as to the nature and the interrelationships of the physico-chemical changes which produce excitation in any one kind of sensory element. The result is thus consistent with that arising in the analysis of the sensory discrimination of intensities. '7 IV. Summary.-Measurements of the interrelations of current strength and time for a fixed magnitude of effect due to repetitive electrical excitation in nerve and muscle are found to be described with excellent fidelity by a logarithmic probability integral. The same kind of relationship, in which magnitude of sensory effect is expressed as a function of intensity, appears in phenomena of stimulation by light and by sound. The value of time for which 100 Co/C = 50 per cent, where Co is the asymptotic lower exciting current, is essentially the chronaxie. This parameter is not by itself sufficient for the description of the strength-duration curve; the standard deviation of the underlying frequency distribution is an independent parameter, being different in various kinds of nerves and according to conditions of excitation. The log-probability integral gives a readily applied means of comparing different forms and manifestations of excitability. It is pointed out that, when an exciting energy is applied to a tissue, it is to be expected that the thresholds for excitation of the elements open to stimulation, in terms of the resultant chosen, will form a logarithmic frequency distribution provided the excitability of each element intrinsically fluctuates. ' (1935-36) ; Crozier, W. J., Wolf, E., and Zerrahn-Wolf, G., Jour. Gen. Physiol., 20 (in press) (1936-37 c). 4 Crozier, W. J., Wolf, E., and Zerrahn-Wolf, G., Jour. Gen. Physiol., 21 (in press) (1937-38). 6 Similar reasoning may be applied to measurements of photosynthesis. The form of the frequency distribution of contributions to the total amount of photosynthesis by the individual cellular or other elements is presumably a function of the luminous intensity and of the partial pressure of CO2. The cumulative result in a fixed period of time will then follow a different law from that expected for an "average" cell. The data, as far as they go, are quite well described by a log probability integral.
In the iron wire model used by Lillie I. For a discussion of the number p(n) of unrestricted partitions of n there has been used since Eulerl the generating function f(x) + P(n)x
(1 x)(l x2) X)....
A purely formal treatment of (1) leads to classical formulae of recurrence.
In 1917 Hardy and Ramanujan2 applied on (1) the theory of functions of complex variables and developed a method (Cauchy integral, "Fareydissection," approximation functions) which yields an asymptotic formula for p(n). Their result is the following:
